In our previous paper 2) we reported that Fischer indolization of (2-sulfonyloxyphenyl)hydrazones (1, Chart 1) proceeded mainly toward the unsubstituted ortho-position to give 7-sulfonyloxyindole (2), in contrast to the (2-methoxyphenyl)hydrazone 3) (3) which formed the normal 7-methoxyindole (4) as a minor product and abnormal 6-chloroindole (5) as a main one. Thus, the Fischer indolization of 1 has provided a practical synthetic method for 7-oxygenated indoles. In order to extend its application, we examined the electronic and steric effects of an additional substituent on the (2-sulfonyloxyphenyl)hydrazones. In this paper we report our detailed results.
ever, the ratio of the normal product to total indolic products varied, depending on the position of the methyl group. The Fischer indolization of the (3-and 4-methylphenyl)hydrazones (7a and 7b) gave a higher percentage (88 and 96%, see Table 1 ) of normal 7-mesyloxyindoles (11a and 12a) to total indolic products, whereas the reaction of (5-methylphenyl)-hydrazone (7c) formed a low percentage (58%, see Table 1 ) of the normal one to total indolic products. This fact concerning 7c is consistent with the result 5) that Fischer indolization of a 3-substituted phenylhydrazone gave more 6-substituted indole than 4-substituted one. The abnormal product was the one in which the sulfonyloxy group was rearranged or was substituted at the 5-position (corresponding to the 4-position of phenylhydrazone) of the resulting indolic product. In the case of 7b where the 4-position was already occupied with a methyl group, the sulfonyloxy group was removed during the reaction. Various 2-substituents of phenylhydrazones were often reductively removed in our Fischer indolization procedure, 2, 6) but the mechanism has been unknown. The structures of the indolic products in the Fischer indolization, especially the position of substituent, were determined by 1 H-NMR including the nuclear Overhauser enhancement (NOE) technique, in which C 4 -H or C 4 -methyl group was identified by correlation with C 3 -H. The C 3 -H of indoles is easily identified, because it appears independently in the higher aromatic region, apart from other aromatic protons, and its coupling with indolic NH (Jϭ1-2 Hz) changed from doublet (sometimes multiplet) to singlet by addition of D 2 O. The mechanism for the abnormal product is shown in Chart 4, which is essentially based on our previous work. 2, 6) In the Fischer indolization of 7a, the cyclization towards the C 2 -position bearing a mesyloxy group formed the intermediate B via A. The 1,3-rearrangement of the mesyloxy group gave the 5-mesyloxy product (11b) via intermediate D and E, whereas the substitution at C 5 -position in the intermediate F(ϭD) gave the 5-tosyloxy product (11c) via the intermediate G. In the case of (2-methoxyphenyl) C 5 -position in intermediates D and F. The difference in these results depends on the greater leaving ability of the mesyloxy group than that of the methoxy one. The methyl group of 7a seemed not to be an obstacle to the migration of the mesyloxy group (see the intermediate D in Chart 4) .
In the case of 7b, the position (indolic C 5 ) to which the mesyloxy group rearranged was occupied with the methyl group. Once the intermediate I formed, it should decompose, because it can not be aromatized easily. Only one abnormal product (12b) is formed by reductive elimination of the mesyloxy group at the stage of the intermediate H. Since intermediate I did not give any abnormal product, the percentage of the normal 7-mesyloxyindole to the total indolic products is high (96%, see Table 1 ). On the other hand, the low percentage (58%, see Table 1 ) of the abnormal products (13b-d) was characteristic of the Fischer indolization of 7c. The product 13d is the same reduced one as 12b.
The Electronic Effect of an Additional Substituent: Next, the Fischer indolization reactions of 4-substituted (2-mesyloxyphenyl)hydrazones (7d-f) were examined and the re-sults are shown in Chart 5.
All the reactions proceeded smoothly regardless of the C 4 -substituent to give the expected normal product as the main one and the abnormal 5-substituted product as the minor one, although the more electron-withdrawing substituents made the reaction slower. Hydrazones with a more electron-withdrawing group gave a smaller amount of abnormal product (the product formed by reductive elimination of mesyloxy group), whereas the ones with more electron-donating substituent gave a larger amount of the abnormal one. The formation of 14c was explained by the secondary reaction of 14b formed in the first place with the part of ethyl pyruvate of its mother hydrazone (7d), and thus 14c is an abnormal product substantially equivalent to 14b but not to 14a. This type of compound (14c) was obtained in a similar Fischer indolization.
7) The reaction of the (4-bromophenyl)hydrazone (7e) took a longer time to reach completion than (4-methoxyphenyl)hydrazone (7d) to give the 7-sulfonyloxyindole (15) as the sole product. The reaction of (4-methoxycarbonylphenyl)hydrazone (7f) with TsOH gave only the normal product (16a); however, the reaction proceeded very slowly even in refluxing toluene, a stronger reaction condition than in refluxing benzene. Thus, reaction with polyphosphoric acid (PPA) was tried. This reaction proceeded rapidly and gave the normal 7-mesyloxyindole (16a) together with the 1,2-dihydrocinnoline derivative (16b) as by-product, the structure of the latter being determined spectroscopically. In addition to the usual structure determination, the following was characteristic. In the 1 H-NMR spectrum of 16b, addition of D 2 O caused the disappearance of two NH signals at 6.83 and 11.00 ppm and a simultaneous decrease of integration of the C 4 -olefinic proton at 6.83 ppm to 0.5H (C 4 -H and one of two NH signals appear at the same position). This observation shows that the structure 16b tautomerizes with the structure 16c. The formation of 16b is explained on the basis of the existence of two electron-withdrawing groups, a mesyl and an ester group, which cause a decrease of electron density in the benzene ring. Thus, the enehydrazine moiety attacks the ortho (2-)-position occupied by a mesyloxy group in a nucleophilic manner to give an intramolecular aromatic nucleophilic substitution (see 16d in Chart 5). Such a reaction of phenylhydrazones in Fischer indolization has been unknown so far. The 1,2-dihydrocinnoline (17) was synthesized 8) for proving the second cyclization step in Fischer indolization, where the cinnoline 9) (17) was reduced to cleave the N-N bond to give the indole (19) via recyclization of the proposed diamine intermediate (18). This compound (16b) was formed as a result of an intramolecular substitution reaction but was not an intermediate of Fischer cyclization. However, the formation of cinnoline (16b) was very interesting in investigating the reactivity of phenylhydrazone, especially the enehydrazine moiety.
Conclusions
The present results are summarized in Table 1 . This table includes the ratio of the normal product to the total indolic product in each reaction.
Generally in the present Fischer indolization, the expected normal 7-sulfonyloxyindole was otained in over 50% yield in all cases, regardless of the additional substituent on the (2-mesyloxyphenyl)hydrazones. On the other hand, the yield of the abnormal product varied depending on the position and the kind of the additional substituent. Even in the case where a large amount of the abnormal product was formed, the desired 7-sulfonyloxyindole could be separated from the byproducts very easily by column chromatography. Thus, the Fischer indolization of the (2-sulfonyloxyphenyl)hydrazones can be used as a convenient and practical method for preparation of 7-oxygenated indoles. We propose that Fischer indolization of phenylhydrazone with an electron-withdrawing group proceeds more slowly and thus tends to occur at the more sterically unhindered and thus unoccupied ortho-position to give normal 7-substituted indole, whereas Fischer indolization with electron-donating group proceeds faster and thus tends to occur randomly at both the occupied and unoccupied ortho-positions to give a larger amount of abnormal products. A more electron-withdrawing sulfonyl group such as trifluoromethanesulfonyl should give better results for obtaining 7-sulfonyloxyindole.
Experimental
All melting points were measured on a micro melting point hot stage apparatus (Yanagimoto) and are uncorrected. Infrared (IR) spectra were recorded on a JASCO FT/IR-300 or on a Shimadzu IR-400 spectrometer (in Nujol, unless otherwise stated). 1 H-NMR spectra were measured on a Hitachi R-24B (60 MHz), unless otherwise stated. Deuteriochloroform was used as the solvent with tetramethylsilane as the internal reference, unless otherwise stated. The assignments of the NH signals were confirmed by disappearance of the signals after addition of deuterium oxide. Mass spectra (MS) were measured on JEOL JMS-01-SG-2, JEOL JMS-D300, and JEOL JMS-DX303 spectrometers with a direct inlet system. For column chromatography, Silica gel 60 (70-230 mesh ASTM, Merck, unless otherwise stated), and for thin layer chromatography (TLC), Silica gel 60F 254 (Merck) were used. All identifications of products were done by analysis of MS, IR spectra, and especially NMR spectra. The abbreviations used are as follows: s, singlet; d, doublet; dd, doublet of doublet; t, triplet; q, quartet; m, multiplet; br, broad; Ar, aromatic; BP, base peak.; HRMS, high resolution mass spectrum.
2-Hydrazino-4-methylphenol p-Toluenesulfonate (10b) A solution of isoamyl nitrite (3.11 ml, 23.2 mmol) was added dropwise to a suspension of 2-amino-4-methylphenol hydrochloride (3.19 g, 20 mmol) in EtOH (10 ml) at 5°C to give the diazonium solution. The resulting diazonium solution was then added dropwise to a suspension of anhydrous SnCl 2 (7.56 g, 40.8 mmol) and TsOH · H 2 O (4.08 g, 21.4 mmol) in EtOH (40 ml) at 5°C and the whole was stirred for 1 h. Et 2 O (60 ml) was added to the reaction mixture. The resulting precipitates were collected by filtration and washed with General Method of Ethyl Pyruvate 2-(2-Methanesulfonyloxy)phenylhydrazone Derivatives (7) a) From Ethyl Pyruvate and a 2-Hydrazinophenol Derivative p-Toluenesulfonate (10): Ethyl pyruvate (1.05 ml, 9.58 mmol) and triethylamine (1.30 ml, 9.33 mmol) were added to a suspension of 2-hydrazinophenol p-toluenesulfonate (6.44 mmol) in CH 2 Cl 2 (8 ml) under icecooling and the whole was stirred for 15 min. The reaction mixture was diluted with CH 2 Cl 2 (150 ml), and washed with 5% HCl, saturated NaHCO 3 , and brine. The organic layer was dried over MgSO 4 and evaporated to dryness in vacuo to give a yellow solid. This solid was dissolved in CH 2 Cl 2 (20 ml). MsCl (15.6 mmol) and Et 3 N (2.20 ml, 15.8 mmol) were added to this solution under ice-cooling and stirred for 15 min. The reaction mixture was diluted with CH 2 Cl 2 (150 ml), and washed with 5% HCl, saturated NaHCO 3 , and brine. The organic layer was dried over MgSO 4 and evaporated to dryness in vacuo to give the crude products.
These products were column-chromatographed on silica gel using benzene-AcOEt (10 : 1) to give (Z)-and (E)-hydrazone (7). b) By the Japp-Klingemann Reaction: To a solution of the 2-aminophenol derivative (4.48 mmol) in acetonitrile (10 ml) were added concentrated HCl (1.75 ml), H 2 O (5 ml) and a solution of NaNO 2 (327 mg, 4.74 mmol) in H 2 O (5 ml) under ice-cooling to give the diazonium solution. This diazonium solution was added dropwise to a solution of 50% aqueous KOH (2 ml) and ethyl 2-methylacetoacetate (0.635 ml, 4.49 mmol) in EtOH (5 ml) under icecooling. After the addition of the diazonium solution was complete, the reaction mixture was poured into ice-water (50 ml) and extracted with Et 2 O. The organic layer was washed with brine, and dried over MgSO 4 . Evaporation of the solvent in vacuo gave a solid. This solid was dissolved in CH 2 Cl 2 (9 ml), and to this solution MsCl (7.82 mmol) and triethylamine (7.89 mmol) were added under ice-cooling. The mixture was stirred for 15 min under ice- (1H, s, 3-H 141 g, 6 .00 mmol) in benzene (15 ml) was refluxed in a DeanStark water separator for 1.5 h. To this solution was added a solution of the phenylhydrazone ((E)-7a) (472 mg, 1.50 mmol) in benzene (15 ml), and the whole was refluxed for 3.5 h. The reaction mixture was poured into ice-water (50 ml) and extracted with AcOEt. The organic layer was washed with saturated NaHCO 3 and brine, and dried over MgSO 4 . Evaporation of the solvent in vacuo gave a pale orange solid (475 mg), which was column-chromatographed on silica gel using hexane-AcOEt (4 : l) to give ethyl 7-methanesulfonyloxy-6-methylindole-2-carboxylate (11a), ethyl 5-methanesulfonyloxy-4-methylindole-2-carboxylate (11b), and ethyl 5-( p-toluenesulfonyloxy)-4-methylindole-2-carboxylate (11c).
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